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Description 

[0001] The present invention generally relates to a 
controller for and a method of controlling a switched re- 
luctance machine using signals received from a position 
encoder. More particularly, the present invention relates 
to a phase energization controller and method for con- 
trolling a switched reluctance machine using normaliza- 
tion circuitry and signals from a position encoder to give 
the angular position of the rotor of the machine. 
[0002] The switched reluctance machine is a simple 
electric machine with no electrical conductors or perma- 
nent magnets on the rotating part and only simple, 
switched coils, often carrying only unidirectional cur- 
rents, on the stator. This attractive combination of a sim- 
ple machine, coupled with the rapidly evolving capabil- 
ities and falling costs of power-electronic switches and 
control electronics has led to the continued develop- 
ment of switched reluctance drives. 
[0003] Figure 1 shows the principal components of a 
switched reluctance drive system 10. The input power 
supply 1 2 can be either a battery or rectified and filtered 
mains. The DC voltage provided by power supply 12 is 
switched across the phase windings of the machine 14 
by the power converter 1 6 under the control of the elec- 
tronic control unit 18. The switching must be correctly 
synchronized to the angle of rotation of the rotor for 
proper operation of the drive 1 0. As such, a simple rotor 
position encoder 20 is typically mounted on the machine 
shaft 22 to supply position signals to the controller 18 
for determining the absolute angular position of the ro- 
tor. The encoder 20 can also be used to generate a 
speed feedback signal in the controller 18. Figure 1 
shows this being utilized to give closed-loop speed con- 
trol. 

[0004] Figure 2 shows the elements of a typical four- 
phase switched reluctance machine 14. The machine 
1 4 has eight salient poles 26a-h on the stator 28 and six 
poles 30a-f on the rotor 32. Each stator pole 26a-h car- 
ries a simple exciting coil 34a-h. Opposite coils 34a and 
34e, 34b and 34f, 34c and 34g, and 34d and 34h are 
connected to form the north/south pole pairs for the four 
"phases." Only one phase circuit 36 is shown for the op- 
posite coils 34a and 34e. The opposite coils 34a and 
34e are excited from a dc supply 38 through two switch- 
es or transistors (S1 and S2), and two diodes (D1 and 
D2) allow energy to return to the supply 38. Other 
switching circuits are well known in the art. 
[0005] If it is desired to operate the machine as a mo- 
tor, torque is developed in the machine 14 by the ten- 
dency for the magnetic circuit to adopt a configuration 
of minimum reluctance, i.e., for an opposing pair of rotor 
poles 30a and 30d, 30b and 30e, and 30c and 30f to be 
pulled into alignment with an excited pair of stator poles 
26a-h, maximizing the inductance of the exciting coils 
34a-h . By switching the phases in the appropriate se- 
quence, the rotor 32 will continuously rotate in either di- 
rection so that torque is developed continuously in the 



appropriate direction. Moreover, the larger the current 
supplied to the coils 34a-h, the greater the torque. Con- 
versely, if it is desired to operate the machine as a gen- 
erator, the coils are excited as the motor poles move 

5 away from the stator poles. Power is then transferred 
from the shaft of the machine to the electrical supply. 
[0006] Figure 3 shows a rotor pole 41 approaching a 
stator pole 39 according to arrow 35 for the switched 
reluctance machine 14 of Figure 2. Figure 4 shows the 

10 phase circuit 47 for opposite coils 40 as partially depict- 
ed in Figure 3. As the rotor pole 41 approaches the stator 
pole 39, an energization cycle commences for the phase 
associated with stator pole 39. When leading edge of 
the rotor pole 41 reaches position 36, represented by 

15 absolute rotor angle 91 ("on angle"), the phase transis- 
tors 44 are turned on, and the DC supply 42 is applied 
to the opposite coils 40, causing flux to build up. Con- 
sequently, the stator pole 39 attracts the rotor pole 41 , 
thereby producing torque. When the rotor pole 41 reach- 

20 es an absolute rotor position 37, represented by abso- 
lute rotor angle 92 ("freewheel angle"), only one transis- 
tor 44 is turned off. This causes the current to "free- 
wheel" around the other transistor 44 and leads to an 
approximately constant-flux condition. When the rotor 

25 pole 41 reaches absolute rotor position 38, represented 
by absolute rotor angle 93 ("off angle"), both phase tran- 
sistors 44 are held in the off state, and diodes 46 con- 
duct, placing a voltage of reverse polarity across the 
winding and causing flux to decay to zero. 

30 [0007] The on, freewheel, and off positions discussed 
above represent typical commutation points in the en- 
ergization cycle for each phase of a switched reluctance 
machine. These three angles are controlled by the con- 
troller 1 8 to control the torque. The relationship between 

35 the angles and the torque is a nonlinear function of 
torque and speed. The controller 18 may interpolate 
from a look-up table of measured settings to obtain and 
update the proper commutation points for each phase 
of the switched reluctance machine. 

40 [0008] Previous switched reluctance systems used a 
simple angular position sensor to control the energiza- 
tion of the motor phases. Typically, the sensor gives one 
pulse per phase for each energization cycle of the motor. 
The timing markers derived from the sensor are inter- 
ns polated electronically to obtain adequate resolution. The 
advantage of this system is the low sensor cost. How- 
ever, a substantial disadvantage exists with respect to 
the lack of information provided when running at slow 
speeds or high acceleration rates. 

50 [0009] Absolute position encoders (e.g., resolvers, 
optical encoders) have been widely used in high per- 
formance drive systems for many years, particularly for 
position control systems. Absolute position encoders 
give angular resolution sufficient to remove the need for 

55 interpolation of angles, but, especially for higher reso- 
lution encoders, the absolute position encoders require 
more hardware, more software, or both to make ade- 
quate comparisons between the absolute rotor position 
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and the required commutation points. 
[0010] For the switched reluctance drive of Figure 2, 
each phase undergoes six energization cycles per rotor 
revolution, one for each rotor pole. Since each energiza- 
tion cycle has three commutation positions (on, off, and 
freewheel), each phase requires eighteen comparisons 
between these required positions and the actual rotor 
position. For four-phase machine, this requires a total 
of seventy-two such comparisons. Such an arrange- 
ment would require seventy-two sets of, e.g., the circuit- 
ry of Figure 5 which uses a twelve-bit resolver word. Fig- 
ure 5 includes a twelve-bit latch 49 storing a predeter- 
mined absolute rotor position, and a twelve-bit compa- 
rator 50 for comparing the predetermined absolute rotor 
position with the high resolution, absolute rotor position 
from the position encoder or resolver 48. These tech- 
niques are standard and are well known by those skilled 
in the art. Other implementations would be possible. 
[001 1 ] EP-A-0273052 discloses a device for detecting 
the position of a rotor in a motor. An absolute position 
detector is coupled to the rotor shaft. The absolute po- 
sition code signal is converted into a rotor position syn- 
chronisation signal for each motor control cycle. 
[0012] It is an object of the invention to provide a 
method and circuitry for more efficiently and accurately 
detecting the various commutation points for the phases 
of a switched reluctance machine acting as a motor or 
a generator. 

[0013] The present invention is defined in the accom- 
panying independent claims 1, 11. Preferred features 
are recited in the dependent claims. 
[0014] The present invention uses an absolute posi- 
tion encoder to directly determine the absolute rotor po- 
sitions which define the commutation positions for a 
switched reluctance machine functioning as a motor or 
a generator. 

[0015] Other aspects and advantages of the present 
invention may become apparent upon reading the fol- 
lowing detailed description of exemplary embodiments 
of the invention and upon reference to the drawings in 
which: 

Figure 1 is a block diagram of the principal compo- 
nents of a switched reluctance drive system; 
Figure 2 is a drawing of a typical four-phase 
switched reluctance machine with the energization 
circuit shown for one phase; 
Figure 3 is a diagram of a rotor pole approaching a 
stator pole and the commutation points for the 
phase associated with the stator pole; 
Figure 4 is a schematic diagram of the phase circuit 
for the phase associated with the stator pole of Fig- 
ure 3; 

Figure 5 is a block diagram of one of the 72 sets of 
comparison circuitry required for detecting the 72 
absolute rotor positions representing the commuta- 
tion points per rotor revolution of the four-phase ma- 
chine of Figure 2; 



Figures 6a and 6b show graphs of encoder output 
against absolute rotor angle. 
Figures 7a-c show a flow chart which represents the 
normalization process; 
5 Figure 8 is a block diagram of a phase energization 

controller using normalization circuitry of Figure 9; 
Figure 9 is a block diagram embodiment of the nor- 
malization process; 

Figure 1 0 is a block diagram of another embodiment 
of the flowchart of Figure 7; 

Figure 11 is a block diagram embodiment of an al- 
ternate normalization process; 
Figure 12 is a block diagram of a circuit which may 
be used to simplify the embodimentshown in Figure 
11; and 

Figure 13 is a block diagram of an overcurrent de- 
tector for the phase energization controller of Figure 
8. 

[0016] Illustrative embodiments of the invention are 
described below as they might be implemented using 
the normalization and initialization circuitry and methods 
to create simpler, more efficient commutation angle de- 
tection for the phases of a switched reluctance drive. 
[0017] The present invention uses a normalization cir- 
cuit to simplify phase calculations. The normalization 
circuit normalizes the absolute rotor position value by 
effectively adding or subtracting an offset according to 
the phase being considered, the part of the mechanical 
revolution being considered, the desired direction of 
torque, and the motor direction. The normalization cir- 
cuit can obtain the normalized rotor position by using 
logical arithmetic techniques, or by storing all the offsets 
in a storage device. 

[0018] The first stage of the normalization process is 
to reduce the angle comparison circuit to that of one 
electrical cycle, which is feasible because each electri- 
cal cycle is identical as far as the angle control system 
is concerned. Thus, in a machine with six electrical cy- 
cles in one mechanical cycle, the comparison circuits 
are reduced by a factor of six. Figure 6A shows the var- 
iation of encoder count with rotor angle. Figure 6B 
shows the normalised encoder count produced as a re- 
sult of this stage of the process. The technique used to 
achieve this will be described below. 
[001 9] The second stage of the normalization process 
is to add an offset to the encoder word for each machine 
phase. This permits the same logic set to be used to 
determine the required commutation positions for the 
phases, provided each phase is processed in turn (i.e. 
by time division multiplexing). 

[0020] The entire normalization process is represent- 
ed in the flowchart of Figure 7. Operations are per- 
formed on the processed encoder value, X, and the 
number of encoder counts in one electrical cycle, C. 
[0021] The normalizing process first limits the range 
of the encoder to one electrical cycle of the machine. 
This is accomplished at steps 52 and 53. Step 52 com- 
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pares X to C to ascertain whether the processed encod- 
er value is greater than the number of counts in an elec- 
trical cycle. If it is, repeated subtractions are performed 
at step 53 where the number of encoder counts in an 
electrical cycle, C, is subtracted from the encoder value 
until the processed encoder value is less than C. Sim- 
plifications of this process may occur in practical ma- 
chines. For instance, in a three-phase machine with 
eight rotor poles there are eight electrical cycles in a me- 
chanical cycle. Since eight is a binary power, normali- 
zation can be achieved by simply discarding the three 
most significant bits of the encoder word. 
[0022] Next, allowance must be made for the direction 
of motor rotation. If this is not done, then the encoder 
value would decrease if the motor is rotated backwards; 
such an occurrence presents significant problems in de- 
termining the commutation angles. Step 54 determines 
whether the motor is rotating backwards. If this occurs, 
then the encoder count is subtracted from the count cor- 
responding to a complete electrical cycle at step 55. The 
result is again normalized at steps 56 and 57 to one elec- 
trical cycle, this time by adding a cycle if the result is 
negative. Again, a possible simplification can be intro- 
duced in a three-phase motor since, in that case, an 
electrical cycle is a power of two: the reverse direction 
can be accommodated by a 2's complement operation, 
and requires only the most significant bits to be discard- 
ed to allow for underflow. 

[0023] In conventional switched reluctance drives 
where a simple rotor position transducer is used, it is 
normal to allow for a generating operation by inverting 
the signals from the sensors of the rotor position trans- 
ducer. This moves the timing points by half an electrical 
cycle. The flowchart of Figure 7 performs the same op- 
erations at steps 58 and 59 to permit operating the ma- 
chine as a generator. The processed encoder count is 
then normalized to one electrical cycle at steps 60 and 
61 by subtracting a complete cycle if the value is greater 
than C. One embodiment of this process can be simply 
achieved on a four-phase machine by interchanging the 
commutation signals for alternate phases. 
[0024] At step 62 in the flowchart of Figure 7, the proc- 
essed encoder value is correct for one phase, assuming 
the encoder is aligned with the reference phase. Hence, 
the value of X may be used in the angle comparison cir- 
cuitry to determine the desired state of the switches in 
the power conversion circuit, e.g. as shown in Figure 4. 
[0025] The offsets for the remaining machine phases 
are added at step 63. In each case the offset is added, 
allowance made to correct for overflow, and the resulting 
value of X is thus prepared for the relevant phase. 
[0026] This process repeats until angles for all phases 
have been calculated. Steps 66 and 67 determine 
whether the iteration is complete or whether to loop back 
to step 62 to add another phase offset. When iteration 
is complete, a new value of X is read from the encoder 
and the entire process repeats. 

[0027] An angle comparison circuit is used to deter- 



mine the angles at which one or more of the switches 
are operated. A possible circuit is shown in Figure 8. 
The desired "on", "freewheel" and "off" angles are cal- 
culated, typically in a microprocessor, in terms of the en- 

5 coder counts. These are then stored in three latches 72, 
73, and 74, and updated periodically. The latch contents 
are compared with the normalized encoder value in dig- 
ital comparators 75, 76, and 77. The outputs of compa- 
rators 75, 76, and 77 indicate whether the three refer- 

10 ence points are exceeded, and thus the desired ener- 
gization state of the transistors can be easily derived 
using simple gates. 

[0028] The angle comparison circuit shown in Figure 
8 is typically time multiplexed, so that the same logic 

15 circuit can be used for all phases of the machine. Figure 
8 shows the arrangement for a four-phase motor. A free- 
running counter 78 produces four enable outputs in se- 
quence, ENA, ENB, ENC, and END, one for each 
phase. As each phase is selected, the normalized en- 

20 coder word for that phase is calculated in block 71 , the 
comparison made by comparators 75, 76, or 77, and the 
three comparator outputs stored in flip-flops 79, 80, 81 
or 82. There are separate flip-flops for each phase. 
Means must be provided for synchronizing the counter 

25 to the phase normalization circuit 71 . The encoder value 
must not be allowed to change during calculations, and 
the counter period must be low enough to permit all val- 
ues to settle. Several alternatives will be apparent to 
those skilled in the art. 

30 [0029] The normalization process presented in the 
flowchart of Figure 7 and represented by block 71 of Fig- 
ure 8 can be implemented in several ways. As shown in 
Figure 9, the simplest method is to use a non-volatile 
memory device 85 (e.g. EPROMs) to store the output 

35 words corresponding to every combination of encoder 
state, machine phase, motor direction, and motoring/ 
generating condition. Such a technique is fast and sim- 
ple, and the contents of the memory can be calculated 
using Figure 7 as the basis of the software algorithm. 

40 Figure 9 shows the implementation for a typical four- 
phase machine. Here, a twelve-bit encoder 86 is used 
to provide the low order address lines to the memory, 
the four-phase enables ENA, ENB, ENC, and END are 
encoded to provide the next two address bits, and the 

45 motor direction signal provides the fifteenth bit. The 
memory output is a ten-bit word representing the nor- 
malized encoder values in the range 0-683 since this is 
for a machine with six rotor poles. Torque direction is 
allowed for by swapping phase outputs, as previously 

50 described. 

[0030] The memory embodiment of Figure 9 is simple 
and efficient when used with standard components, but 
is less attractive if the circuit is to be implemented in an 
application-specific integrated circuit (ASIC). In this 

55 case, the preferred embodiment, shown in Figure 1 0, is 
to calculate the encoder normalization steps and the 
overflow corrections using a digital arithmetic unit. The 
arrangement of Figure 10 shows an efficient arrange- 
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ment, although it will be appreciated that the details of 
this may easily be changed by one skilled in the art. At 
the start of the normalization process the current encod- 
er state is loaded into the accumulator 91 through the 
multiplexer 92. The add/subtract unit 93 has one input 
word passed from the accumulator 91 , whilst the other 
is connected to a multiplexer 94. This arrangement 
gives the possibility of adding or subtracting the values 
1 , C, C/2, or C/(number of phases) to the value X in the 
accumulator. The output of the add/subtract unit 93 is 
routed back to the accumulator 92 through a word-wide 
exclusive-OR unit 95, the latter being used to selectively 
invert the adder word. 

[0031] Inspection of the flowchart of Figure 7 shows 
that the arithmetic arrangement described above is ca- 
pable of providing all of the arithmetic functions needed 
in the algorithm. The one function which is not obvious 
is the calculation of X=C-X. This is achieved by inverting 
the add/subtract unit 93 output as it is passed back to 
the accumulator 91 from the previous step, adding one 
to the accumulator contents, giving the 2's complement 
of the original value, then adding C. 
[0032] A comparator 96 is provided to determine 
whether the accumulator is greater than or equal to C, 
and the add/subtract unit 93 has an underflow detect to 
see if the result of a calculation is less than zero. These 
two condition flags are used to control the calculation 
flow according to the flowchart of Figure 7. 
[0033] An alternative method of normalization may 
provide for simplified circuits, particularly in drives 
where the motor direction is not expected to change. In 
this case, the absolute encoder state is not normally 
used directly. Instead, a change of state is used to in- 
crement counters, of which there is typically one per 
phase. Each counter is allowed to increment until it 
reaches the maximum count for an electrical cycle, C, 
when it is reset. Hence, if the counters are initialized to 
represent the normalized encoder state for each phase 
corresponding to the actual encoder state at that time, 
then they will subsequently track the normalized count 
for the phase. The system is complicated by the need 
to allow for direction changes and motoring/generating 
conditions, and it is considered a wise precaution to 
have periodic checks in case of tracking errors. 
[0034] Figure 11 shows a typical implementation of 
this alternative system. Only one phase is shown on Fig- 
ure 11, although the logic is simply repeated for other 
phases, apart from the encoder comparison circuit, of 
which only one is needed. The implementation shown 
on Figure 11 uses synchronous logic, although asyn- 
chronous circuits could easily be used. 
[0035] The up/down counter 100 is a counter which 
has a maximum value equal to or exceeding C. It has a 
clock enable input which enables the counter to incre- 
ment by one count for each change of state of the en- 
coder word, a direction control signal which controls the 
direction of count, a parallel load input, and an input to 
reset the count to zero. 



[0036] The system is initialized by the microprocessor 
101 reading the encoder state and calculating the nor- 
malized encoder values for each phase, loading these 
into the phase latch 102, then forcing a parallel load of 
5 the counter 1 00 from the latch 1 02. The processor 1 01 
then reloads the latch 102 with the normalized phase 
value corresponding to an encoder count of zero, but 
does not force a parallel load. 

[0037] If the drive is operating in the forward direction, 
10 then the encoder system 103 sets the counter 100 to 
count up. Each edge of the least significant bit of the 
encoder 103 causes all of the phase counters 100 to 
increment. As the counter 100 reaches a count of C it 
resets itself. This operation is represented by block 1 04. 
15 Thus, the counter 1 00 continues to hold the normalized 
count for the phases. As the encoder passes through 
zero (normally set to the aligned position of the first 
phase), then all of the phase counters 100 are loaded 
in parallel from the latches 102. Hence, the phase 
20 counts are realigned to the absolute encoder position 
once per mechanical cycle. 

[0038] The drive may be set to generating mode by 
loading the latches in parallel at an encoder offset of 01 
2. This involves a delay of up to one mechanical cycle 

25 before generating commences. If such a delay is not ac- 
ceptable, then the microprocessor 1 01 can calculate the 
latch values for the current encoder position and force 
these to be loaded immediately. 
[0039] A motor direction change is detected in the en- 

30 coder system 1 03, and this causes the counter direction 
to change. If the motor is unidirectional, then no further 
action is needed. However, if the motor is to operate in 
either direction, then a direction change should force a 
processor interrupt and thus the counters can be loaded 

35 with the values appropriate to the encoder state, the di- 
rection, and the motoring/generating state of the ma- 
chine. 

[0040] Simplifications are possible to the arrange- 
ment of Figure 11 which reduce the amount of logic cir- 

40 cuits needed. For a twelve-bit encoder on a four-phase 
motor with six rotor poles, C = 682 2/3. If the encoder 
pulses are passed through a multiply-by-three and di- 
vide-by-eight circuit 1 06 as shown in Figure 1 2, then the 
electrical cycle consists of 256 counts. The clock enable 

45 of a three bit counter 1 08 remains high for three succes- 
sive clock signals. As a result, the three bit counter 1 08 
counts three times for each encoder edge. At the con- 
clusion of three edges, an output pulse will be produced 
at the most significant bit Q 2 of the three bit counter 1 08. 

50 it is thus possible to simplify Figure 11 to use a single 
counter 1 00 for all four phases, with only a small amount 
of decoding on the two most significant bits to modify 
the counter output for each phase. 
[0041] In practice, the phase energization controller 

55 preferably includes an overcurrent detector and circuitry 
to ensure a minimum "off" time for preventing very high 
switching rates. Figure 1 3 shows an over-current detec- 
tor 110 that can be utilized with the phase energization 
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controller of the present invention. The over-current de- 
tector 110 receives a threshold current value which is 
input into comparator 1 1 2. The comparator 1 1 2 also re- 
ceives a phase current sensor signal representing the 
current level through the phase. In this particular em- 
bodiment, the output of the comparator 112 is received 
by an AND gate 114, and the AND gate 114 also re- 
ceives the commutation signal (such as an "ON" signal 
from the phase energization controller of FIG. 8). If the 
phase current exceeds the predetermined threshold lev- 
el, the overcurrent detector 110 switches off the switch- 
es. 

[0042] The present invention can also utilize initializa- 
tion circuitry to avoid having to mechanically align the 
encoder with the phases of the machine. This initializa- 
tion technique involves energizing one or more phases 
continuously to set the rotor to a known position, reading 
the position encoder at the known point to obtain an in- 
itialization value, and henceforth subtracting the initial- 
ization value from the encoder reading when determin- 
ing rotor angles. 

[0043] Thus, the phase energization controller of the 
present invention provides more efficient and accurate 
detection of the various commutation points for the 
phases of an switched reluctance motor. Those skilled 
in the art will readily recognize that these and various 
other modifications and changes may be made to the 
present invention without strictly following the exempla- 
ry applications illustrated and described herein and with- 
out departing from the scope of the present invention, 
which is set forth in the following claims. 



Claims 

1. A switched reluctance drive system comprising a 
rotor defining n rotor poles, a stator, at least one 
phase winding defining at least one phase circuit, 
rotor position indicator means, switch means and a 
machine controller for controlling actuation of the 
switch means, the machine having an electrical cy- 
cle angle of 360/n°, the controller comprising: a nor- 
maliser having processing means arranged to re- 
ceive, from the rotor position indicator means, a ro- 
tor position signal indicative of a rotor position angle 
and to produce a signal indicative of a normalised 
rotor position angle within a normalised electrical 
cycle of the machine, characterised in that the con- 
troller further includes offsetting means for offset- 
ting the normalised rotor position angle by half an 
electrical cycle, the offsetting means including in- 
verter means for inverting the normalised rotor po- 
sition angle, the inverter means being selectable 
when the machine is changed to run as one of a 
motor and a generator from the other of a motor and 
a generator. 

2. A system as claimed in claim 1, in which the 



processing means comprise a comparator ar- 
ranged to compare the rotor position signal with a 
signal indicative of the electrical cycle angle and 
means for subtracting the signal indicative of the 
5 electrical cycle angle from the rotor position signal. 

3. A system as claimed in claim 2 in which the process- 
ing means further comprise means for repeatedly 
subtracting the signal indicative of the electrical cy- 

10 cle angle from the rotor position signal until the re- 
sultant signal corresponds to an angle which is less 
than the electrical cycle angle. 

4. A system as claimed in claim 1, 2 or 3, including 
15 derivation means for deriving a digital signal indic- 
ative of the normalised rotor position angle in re- 
sponse to the rotor position signal. 

5. A system as claimed in claim 4, in which the deri- 
20 vation means include a look-up means storing val- 
ues of normalised rotor position angle for different 
rotor position signals. 

6. A system as claimed in any of the claims 1 to 5, 
25 including direction indicator means for producing a 

signal indicative of the sense of rotation of the rotor, 
the processing means being arranged to subtract 
the rotor position signal from the signal indicative of 
the electrical cycle angle when the rotor is rotating 
30 in an undesired direction. 

7. A system as claimed in claim 6, including means for 
adding the rotor position signal to the signal indica- 
tive of the electrical cycle angle when the rotor is 

35 rotating in the undesired direction and the signal in- 
dicative of the normalised rotor position angle cor- 
responds to an angle less than zero. 

8. A system as claimed in any of the claims 1 to 7 in 
40 which the machine is a multi-phase machine, the 

system further including means for counting the 
phases and means for selecting the switch means 
for each phase in sequence according to the incre- 
mented phase count. 

45 

9. A system as claimed in claim 4 in which the machine 
comprises three phases and the rotor defines eight 
rotor poles, the derivation means being arranged to 
normalize the rotor position signal by discarding the 

50 three most significant bits of the rotor position sig- 
nal. 

10. A system as claimed in claim 1 in which the machine 
comprises three phases, the inverter means being 

55 arranged to perform a 2's complement operation on 
a digital version of the rotor position signal. 

11. A method for normalising the timing of switching in 
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a switched reluctance machine having a rotor de- 
fining n rotor poles, a stator and at least one phase 
winding defining at least one phase circuit, each 
phase having an electrical cycle angle of 360/n°, the 
method comprising: 

receiving a rotor position signal indicative of a 
rotor position; and 

producing a signal indicative of a normalised ro- 
tor position angle within a normalised electrical 
cycle of the machine, characterised by 
offsetting the normalised rotor position angle by 
half an electrical cycle, the offsetting including 
inverting the normalised rotor position angle 
when the machine is changed to run from one 
of a motor and a generator to the other of a mo- 
tor and a generator. 

12. A method as claimed in claim 11 , including compar- 
ing the rotor position with the electrical cycle angle 
and subtracting the electrical cycle angle from the 
rotor position. 

13. A method as claimed in claim 12, including repeat- 
edly subtracting the electrical cycle angle from the 
rotor position until the resultant angle is less than 
the electrical cycle angle. 

14. A method as claimed in claim 11 , 12 or 13, including 
deriving a digital signal indicative of a normalised 
rotor position angle in response to the rotor position 
signal. 

15. A method as claimed in claim 14 in which the digital 
signal is derived from a look-up table storing values 
of normalised rotor position angles for different rotor 
position signals. 

16. A method as claimed in any of the claims 11 to 15, 
including producing a signal indicative of the sense 
of rotation of the rotor and subtracting the rotor po- 
sition from the electrical cycle angle when the rotor 
is rotating in an undesired direction. 

17. A method as claimed in claim 16 in which the rotor 
position signal is added to the electrical signal angle 
when the rotor is rotating in the undesired direction 
and the normalised rotor position angle corre- 
sponds to less than zero. 

18. A method as claimed in any of the claims 11 to 17, 
including counting the phases and selecting the 
switch means for each phase for actuation in se- 
quence according to the incremented phase count. 

19. A method as claimed in claim 14 for a machine com- 
prising three phases having a rotor defining eight 
rotor poles, in which the rotor position signal is nor- 



malised by discarding the three most significant bits 
of the encoder signal. 

20. A method as claimed in claim 11 for a machine com- 
5 prising three phases, including inverting by per- 
forming a 2's complement operation on a digital ver- 
sion of the rotor position signal. 

21. A method as claimed in any of claims 11 to 20, in- 
fo eluding initialising the rotor position signal to a rotor 

position by energising one or more phases of the 
machine to set the rotor to a known position, reading 
the rotor position signal at the known position to ob- 
tain an initialisation value and, thereafter, subtract- 
15 jng the initialisation value from the signal indicative 
of rotor position. 



Patentanspriiche 

20 

1. Geschaltetes Reluktanz-Antriebssystem, umfas- 
send: 

einen Rotor, der n Rotorpole definiert, einen Stator, 
wenigstens eine Phasenwicklung, die wenigstens 

25 eine Phasenschaltung definiert, eine Rotorpositi- 
ons-Anzeigeeinrichtung, eine Schalteinrichtung 
und eine Maschinen-Steuereinrichtung zum Steu- 
ern des Auslosens der Schalteinrichtung, wobei die 
Maschine einen elektrischen Zykluswinkel von 

30 360/n° aufweist, wobei die Steuereinrichtung um- 
fasst: eine Normierungseinrichtung, die eine Verar- 
beitungseinrichtung aufweist, die angeordnet ist, 
urn von der Rotorpositions-Anzeigeeinrichtung ein 
Rotorpositionssignal zu empfangen, das einen Ro- 

35 torpostionswinkel anzeigt, und um ein Signal zu er- 
zeugen, das einen normierten Rotorpositionswinkel 
innerhalb eines normierten elektrischen Zyklus der 
Maschine anzeigt, dadurch gekennzeichnet, 
dass die Steuereinrichtung ferner eine Versatzein- 

40 richtung zum Versetzen des normierten Rotorposi- 
tionswinkels um einen halben elektrischen Zyklus 
umfasst, wobei die Versatzein richtung eine Inver- 
tiereinrichtung zum Invertieren des normierten Ro- 
torpositionswinkels umfasst, wobei die Invertierein- 

45 richtung wahlbar ist, wenn die Maschine vom Mo- 
torbetrieb in den Generatorbetrieb oder vom Gene- 
ratorbetrieb in den Motorbetrieb umgeschaltetwird. 

2. System nach Anspruch 1 , bei welchem die Verar- 
50 beitungseinrichtung einen Komparator umfasst, der 

angeordnet ist, um das Rotorpositionssignal mit ei- 
nem Signal, das den elektrischen Zykluswinkel an- 
zeigt, zu vergleichen, sowie eine Einrichtung zum 
Subtrahieren des Signals, das den elektrischen Zy- 
55 kluswinkel anzeigt, von dem Rotorpositionssignal. 

3. System nach Anspruch 2, bei welchem die Verar- 
beitungseinrichtung ferner eine Einrichtung zum 
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wiederholten Subtrahieren des Signals umfasst, 
das den elektrischen Zykluswinkel anzeigt, von 
dem Rotorpositionssignal bis das resultierende Si- 
gnal einem Winkel entspricht, der kleiner als der 
elektrische Zykluswinkel ist. 5 

4. System nach Anspruch 1, 2 oder 3, welches eine 
Herleitungseinrichtung zum Herleiten eines digita- 
len Signals umfasst, welches den normierten Ro- 
torpositionswinkel in Antwort auf den Rotorpositi- 10 
onswinkel anzeigt. 

5. System nach Anspruch 4, in welchem die Herlei- 
tungseinrichtung eine look-up-Einrichtung umfasst, 
welche die Werte des normierten Rotorpositions- 15 
winkels fur unterschiedliche Rotorpositionssignale 
speichert. 

6. System nach einem der Anspruche 1 bis 5, welches 
eine Richtungsanzeige-Vorrichtung zum Erzeugen 20 
eines Signals umfasst, welches die Drehrichtung 
des Rotors anzeigt, wobei die Verarbeitungsein- 
richtung angeordnet ist, um das Rotorpositionssi- 
gnal von dem Signal zu subtrahieren, das den elek- 
trischen Zykluswinkel anzeigt, wenn der Rotor in ei- 25 
ne unerwunschte Richtung rotiert. 

7. System nach Anspruch 6, welches eine Einrichtung 
zum Addieren des Rotorpositionssignals zu dem Si- 
gnal umfasst, das den elektrischen Zykluswinkel 30 
anzeigt, wenn der Rotor in die unerwunschte Rich- 
tung rotiert und das Signal, das den normierten Ro- 
torpositionswinkel anzeigt, einem Winkel kleiner 
Null entspricht. 

35 

8. System nach einem der Anspruche 1 bis 7, in wel- 
chem die Maschine eine Multi-Phasen-Maschine 
ist, wobei das System ferner eine Einrichtung zum 
Zahlen der Phasen und eine Einrichtung zum Aus- 
wahlen der Schalteinrichtung fur jede Phase der 40 
Reihe nach gemaB dem inkrementierten Phasen- 
zahler umfasst. 

9. System nach Anspruch 4, in welchem die Maschine 
drei Phasen umfasst und der Rotor acht Rotorpole 45 
definiert, wobei die Herleitungseinrichtung ange- 
ordnet ist, um das Rotorpositionssignal durch das 
Weglassen der drei signifikantesten Bits des Rotor- 
positionssignals zu normieren. 

50 

10. System nach Anspruch 1 , in welchem die Maschine 
drei Phasen umfasst, wobei die Invertiereinrichtung 
angeordnet ist, um eine Zweier-Komplement-Ope- 
ration bei einer digitalen Version des Rotorpositi- 
onssignals durchzufuhren. 55 

11. Verfahren zum Normieren der zeitlichen Abstim- 
mung des Schaltens in einer geschalteten Reluk- 



tanzmaschine, die einen Rotor aufweist, der Rotor- 
pole definiert, sowie einen Stator und wenigstens 
eine Phasenwicklung, die wenigstens eine Phasen- 
schaltung definiert, wobei jede Phase einen elektri- 
schen Zykluswinkel von 360/n° aufweist, wobei das 
Verfahren umfasst: 

Empfangen eines Rotorpositionssignals, das eine 
Rotorposition anzeigt; und Erzeugen eines Signals, 
das einen normierten Rotorpositionswinkel inner- 
halb eines normierten elektrischen Zyklus der Ma- 
schine anzeigt, gekennzeichnet durch Versetzen 
des normierten Rotorpositionswinkels um einen 
halben elektrischen Zyklus, wobei das Versetzen 
das Invertieren des normierten Rotorpositionswin- 
kels umfasst, wenn die Maschine vom Motorbetrieb 
in den Generatorbetrieb oder vom Generatorbe- 
trieb in den Motorbetrieb umgeschaltet wird. 

12. Verfahren nach Anspruch 11, welches das Verglei- 
chen der Rotorposition mit dem elektrischen Zy- 
kluswinkel und das Subtrahieren des elektrischen 
Zykluswinkels von der Rotorposition umfasst. 

13. Verfahren nach Anspruch 12, welches das wieder- 
holte Subtrahieren des elektrischen Zykluswinkels 
von der Rotorposition umfasst, bis der resultierende 
Winkel kleiner als der elektrische Zykluswinkel ist. 

14. Verfahren nach Anspruch 11,12 oder 13, welches 
das Herleiten eines digitalen Signals umfasst, wel- 
ches einen normierten Rotorpositionswinkel in Ant- 
wort auf das Rotorpositionssignal anzeigt. 

15. Verfahren nach Anspruch 14, bei welchem das di- 
gitale Signal von einer look-up Tabelle hergeleitet 
wird, welche Werte von normierten Rotorpositions- 
winkeln fur unterschiedliche Rotorpositionssignale 
speichert. 

16. Verfahren nach einem der Anspruche 11 bis 15, 
welches das Erzeugen eines Signals, welches die 
Drehrichtung des Rotors anzeigt umfasst, sowie 
das Subtrahieren der Rotorposition von dem elek- 
trischen Zykluswinkel, wenn der Rotor in eine uner- 
wunschte Richtung rotiert. 

17. Verfahren nach Anspruch 16, bei welchem das Ro- 
torpositionssignal zu dem elektrischen Signalwin- 
kel addiert wird, wenn der Rotor in der unerwunsch- 
ten Richtung rotiert und der normierte Rotorpositi- 
onswinkel kleiner Null ist. 

18. Verfahren nach einem der Anspruche 11 bis 17, 
welches das Zahlen der Phasen und das Auswah- 
len der Schalteinrichtung fur jede Phase zum auf- 
einanderfolgenden Auslosen gemaB dem inkre- 
mentierten Phasenzahler umfasst. 
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19. Verfahren nach Anspruch 14 fur eine Maschine mit 
drei Phasen, welche einen Rotor aufweist, der acht 
Rotorpole definiert, in welchem das Rotorpositions- 
signal durch das Weglassen der drei signifikante- 
sten Bits des Encoder-Signals normiert wird. 

20. Verfahren nach Anspruch 11 fur eine Maschine, die 
drei Phasen umfasst, umfassend das Invertieren 
durch das Durchfuhren einer Zweier-Komplement- 
Operation bei einer digitalen Version des Rotorpo- 
sitionssignals. 

21. Verfahren nach einem der Anspruche 11 bis 20, um- 
fassend: Initialisieren des Rotorpositionssignals bei 
einer Rotorposition durch das Erregen einer oder 
mehrerer Phasen der Maschine, um den Rotor in 
eine bekannte Position zu setzen, Einlesen des Ro- 
torpositionssignals bei der bekannten Position, um 
einen Initialisierungswert zu erhalten und nachfol- 
gendes Subtrahieren des Initialisierungswertes von 
dem Signal, das die Rotorposition anzeigt. 



Revendications 

1. Systeme d'entrainement a reluctance commutee 
comprenant un rotor definissant n poles de rotor, un 
stator, au moins un enroulement de phase qui defi- 
nit au moins un circuit de phase, des moyens indi- 
cateurs de position du rotor, des moyens de com- 
mutation et un dispositif de regulation de la machine 
pour commander I'actionnement des moyens de 
commutation, la machine ayant un angle de cycle 
electrique de 360/n°, le dispositif de regulation 
comprenant : un normalisateur ayant un moyen de 
traitement agence pour recevoir, des moyens indi- 
cateurs de position du rotor, un signal de position 
du rotor indicatif d'un angle de position du rotor et 
pour produire un signal indicatif d'un angle norma- 
lise de position du rotor dans un cycle electrique 
normalise de la machine, caracterise en ce que le 
dispositif de regulation comprend en outre des 
moyens de decalage pour decaler Tangle normalise 
de position du rotor d'un demi-cycle electrique, les 
moyens de decalage comprenant des moyens in- 
verseurs pour inverser Tangle normalise de position 
du rotor, les moyens inverseurs pouvant etre selec- 
tionnes lorsqu'on modifie la machine pour qu'elle 
passe d'un etat en mode moteur ou generateur a 
un autre etat en mode moteur ou generateur. 

2. Systeme selon la revendication 1, dans lequel le 
moyen de traitement comprend un comparateur 
agence pour comparer le signal de position du rotor 
a un signal indicatif de Tangle de cycle electrique et 
un moyen pour soustraire le signal indicatif de Tan- 
gle de cycle electrique du signal de position du rotor. 



3. Systeme selon la revendication 2, dans lequel le 
moyen de traitement comprend en outre un moyen 
pour soustraire de maniere repetee le signal indica- 
tif de Tangle de cycle electrique du signal de position 

5 du rotor jusqu'a ce que le signal obtenu correspon- 

de a un angle qui est inferieur a Tangle de cycle 
electrique. 

4. Systeme selon la revendication 1 , 2 ou 3, compre- 
10 nant un moyen de derivation pour obtenir un signal 

numerique indicatif de Tangle normalise de position 
du rotor en reponse au signal de position du rotor. 

5. Systeme selon la revendication 4, dans lequel le 
15 moyen de derivation comprend un moyen de con- 
sultation qui stocke des valeurs de Tangle normalise 
de position du rotor pour differents signaux de po- 
sition de rotor. 

20 6. Systeme selon Tune quelconque des revendica- 
tions 1 a 5, comprenant un moyen indicateur de 
sens pour produire un signal indicatif du sens de 
rotation du rotor, le moyen de traitement etant ame- 
nage de maniere a soustraire le signal de position 

25 du rotor du signal indicatif de Tangle de cycle elec- 
trique lorsque le rotor tourne dans un sens non sou- 
haite. 

7. Systeme selon la revendication 6, comprenant un 
30 moyen d'addition du signal de position du rotor au 

signal indicatif de Tangle de cycle electrique lorsque 
le rotor tourne dans le sens non souhaite et que le 
signal indicatif de Tangle normalise de position du 
rotor correspond a un angle inferieur a zero. 

35 

8. Systeme selon Tune quelconque des revendica- 
tions 1 a 7 dans lequel la machine est une machine 
multiphase, le systeme comprenant en outre des 
moyens de comptage de phases et des moyens de 

40 selection des moyens de commutation pour chaque 
phase en sequence selon le comptage de phase 
incremente. 

9. Systeme selon la revendication 4, dans lequel la 
45 machine comprend trois phases et le rotor definit 

huit poles de rotor, le moyen de derivation etant 
amenage pour normaliser le signal de position du 
rotor en eliminant les trois bits les plus significatifs 
du signal de position du rotor. 

50 

10. Systeme selon la revendication 1, dans lequel la 
machine comprend trois phases, les moyens inver- 
seurs etant amenages pour effectuer une operation 
de complement de 2 sur une version numerique du 

55 signal de position du rotor. 

11. Procede de normalisation de la synchronisation de 
la commutation dans une machine a reluctance 



9 



17 



EP 0 756 373 B1 



18 



commutee ayant un rotor qui definit n poles de rotor, 
un stator et au moins un enroulement de phase qui 
definit au moins un circuit de phase, chaque phase 
ayant un angle de cycle electrique de 360/n°, le pro- 
cede comprenant les etapes consistant : 

a recevoir un signal de position du rotor indicatif 
d'une position du rotor, et 
a produire un signal indicateur d'un angle nor- 
malise de position du rotor dans un cycle elec- 
trique normalise de la machine, caracterise par 
I'etape consistant : 

adecaler Tangle normalise de position du rotor 
d'un demi-cycle electrique, le decalage com- 



selon le comptage de phase increments. 

19. Procede selon la revendication 14 pour une machi- 
ne comprenant trois phases et ayant un rotor defi- 

5 nissant huit poles de rotor, dans lequel le signal de 

position du rotor est normalise en eliminant les trois 
bits les plus significatifs du signal du codeur. 

20. Procede selon la revendication 11 pour une machi- 
ne necomprenanttrois phases, comprenant une inver- 
sion en effectuant une operation de complement de 
2 sur une version numerique du signal de position 
du rotor. 

21 . Procede selon Tune quelconque des revendications 
11 a 20, comprenant Tinitialisation du signal de po- 
sition du rotor dans une position du rotor en excitant 
une ou plusieurs phases de la machine pour regler 
le rotor dans une position connue, la lecture du si- 
gnal de position du rotor dans la position connue 
pour obtenir une valeur d'initialisation et, ensuite, la 
soustraction de la valeur d'initialisation du signal in- 
dicatif de la position du rotor. 



prenant I'inversion de Tangle normalise de po- 15 
sition du rotor lorsqu'on modifie la machine 
pour qu'elle tourne en passant d'un etat en mo- 
de moteur ou generateur a un autre etat en mo- 
de moteur ou generateur. 

20 

12. Procede selon la revendication 11, comprenant la 
comparaison de la position de rotor avec Tangle de 
cycle electrique et la soustraction de Tangle de cy- 
cle electrique de la position du rotor. 

25 

13. Procede selon la revendication 12, comprenant la 
soustraction repetee de Tangle de cycle electrique 
de la position du rotor jusqu'a ce que Tangle obtenu 
soit inferieur a Tangle de cycle electrique. 

30 

14. Procede selon la revendication 11, 12 ou 13, com- 
prenant laderivation d'un signal numerique indicatif 
d'un angle normalise de position du rotor en repon- 
se au signal de position du rotor. 

35 

15. Procede selon la revendication 14, dans lequel le 
signal numerique est derive d'une table de consul- 
tation qui stocke des valeurs d'angles normalises 
de position du rotor pour differents signaux de po- 
sition de rotor. 40 

16. Procede selon Tune quelconque des revendications 
11 a 15, comprenant la production d'un signal indi- 
catif du sens de rotation du rotor et la soustraction 

de la position du rotor de Tangle de cycle electrique 45 
lorsque le rotor tourne dans un sens non souhaite. 

17. Procede selon la revendication 16, dans lequel le 
signal de position du rotor est ajoute a Tangle de 
signal electrique lorsque le rotor tourne dans le 50 
sens non souhaite et que Tangle normalise de po- 
sition du rotor correspond a un angle inferieur a ze- 
ro. 

18. Systeme selon Tune quelconque des revendica- 55 
tions 11 a 1 7, comprenant le comptage des phases 

et la selection des moyens de commutation pour 
chaque phase pour un actionnement en sequence 
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